Objective-To investigate haematological variations and iron related changes in the serum of participants in a 1600 kilometre ultramarathon run. Participants-Seven male and two female participants in a 1600 km foot race. Methods-Blood samples were obtained from the participants before, after four and 11 days of running, and at the end of the event. Samples were analysed by standard methods for haemoglobin, packed cell volume, total red cell count, mean red cell volume, mean red cell haemoglobin, total white cell count and diVerential, platelets, reticulocytes, iron, ferritin, total iron binding capacity, percentage transferrin saturation, haptoglobin, and bilirubin and corrected for changes in plasma volume. Results-The following variables decreased during the event (p<0.05): haemoglobin, packed cell volume, mean red cell volume, percentage lymphocytes, percentage monocytes, serum iron, total iron binding capacity, and percentage transferrin saturation. Increases (p<0.05) were found in plasma volume, total red cell count (day 4 only), total white cell count, percentage and absolute numbers of neutrophils and reticulocytes, absolute numbers of lymphocytes and monocytes (day 4 only), absolute numbers of eosinophils (day 11 and race end), absolute numbers of basophils (race end only), platelets, ferritin, haptoglobin, and bilirubin (day 4 only). Conclusion-Ultramarathon running is associated with a wide range of changes in haematological parameters, many of which are related to the normal acute phase response to injury. These should not be confused with indicators of disease. (Br J Sports Med 1999;33:27-32) 
The marathon and ultramarathon events, generally those up to 24 hours' duration, have been subjected to intense study. Little has been reported about the biochemical and haematological changes occurring during and after long ultramarathons. In the only study of haematological parameters in an event of 1000 km or longer the event was a staged race in which the participants covered only 50 km a day and had long periods of rest. 1 In addition, previous studies have failed to correct findings for changes in plasma volume, which may be of the order of 10-20%. This paper describes haematological parameters and those related to iron metabolism and haemolysis in an event in which only short sleep breaks were taken, and these variables were individually corrected for changes in plasma volume.
Methods
Before the start of this study approval was obtained from the ethics committee of the South Queensland Regional Health Authority. All procedures conformed to the National Health and Medical Research Council guidelines for experimentation with human subjects, and all subjects gave their informed written consent before participation in this study.
Seven male and two female experienced ultramarathon runners participating in the 1600 km ultramarathon in Nanango, Australia volunteered for this study. The data of those who completed at least 1000 km were included in the analysis. The ultramarathon was a continuous event, the object being to cover 1600 km (1000 miles) in the shortest possible time. Runners competed on a 400 m oval grass track, the surface of which changed progressively to dirt after the first three days of the event. Temperature range during the 16 days of the event was 11.0-31.8°C and the relative humidity 17-100%. The runners were allowed free intake of their usual diets during the study period. A medical and training history was obtained before the race started.
Four runners completed 1600 km in less than 16 days, three completed 16 days of running but did not complete 1600 km, and two completed shorter distances (1364 km and 1044 km) in less than 16 days.
Twenty five millilitres of blood was drawn from an antecubital vein, using sterile technique, about 30 minutes before the start. Further samples were obtained between 9 and 10 am on days 4 and 11 and at the end of the run. The mean delay in sampling after the event was less than 30 minutes. Each sample was obtained with the subject in the seated position. All specimens were transported to the laboratory within one hour of venepuncture.
Full blood counts were performed on a Coulter Stack "C" autoanalyser. Serum iron concentration was measured by ascorbic acid reduction on a Boehringer MannheimHitachi 917 analyser. Total iron binding capacity was calculated from serum transferrin concentration, measured by immunoturbidimetry on a Boehringer Mannheim-Hitachi 917 analyser. Transferrin saturation was calculated from the formula: (serum iron/total iron binding capacity) × 100. Ferritin concentration was analysed by immunoassay performed by automated chemiluminescence on a Ciba-Corning ACS 180 analyser. Serum haptoglobin concentration was measured by immunoturbidimetry on a Boehringer Mannheim-Hitachi 917 analyser. Estimation of total bilirubin concentration was by performed on an Olympus AU 800 autoanalyser using the sulphanilic acid with surfactant reagent method.
Plasma volume changes were derived from changes in haemoglobin and packed cell volume. 2 All results were corrected for changes in plasma volume with the exception of red cell parameters, haemoglobin and packed cell volume, and variables expressed as percentages.
Statistical significance of paired diVerences in means and standard deviations of the metabolic alterations over time were calculated by Student's t test. The level of significance was set at p<0.05. Table 1 summarises the characteristics of the  subjects taking part in this study and table 2 gives the performance data for each of the runners.
Results
Packed cell volume, haemoglobin, and red cell count decreased significantly below prerace values at day 4, and did not change further on days 11 and 17. However, when the absolute red cell count was corrected for plasma volume expansion an increase was found on day 4 (table 3).
Mean cell volume decreased significantly from pre-race values at day 4, increased and was not significantly diVerent from pre-race at day 11, and remained unchanged until the end of the event (table 3) .
The white blood cell count increased significantly between the start of the race and day 4 and remained unchanged until the end of the run. The percentage and absolute number of neutrophils was increased on days 4 and 11 then decreased between day 11 and race end, the final value remaining significantly higher than that pre-race. The percentage of lymphocytes was decreased on days 4 and 11 then increased between day 11 and race end, the final value remaining significantly lower than that pre-race. Absolute numbers of lymphocytes increased between pre-race and day 4, decreased significantly between days 4 and 11, and then remained depressed until the conclusion of the run when the value was not significantly diVerent from the pre-race value (table 4).
The percentage of monocytes was decreased on days 11 and post-race, but the absolute number of monocytes was increased above pre-race values on day 4. Although no change occurred in the percentage of eosinophils, the absolute number was increased on day 11 and at the end of the race. Both the percentage and absolute number of basophils were increased at the end of the race (table 4) .
Mean values for white blood cell count remained normal, but a relative neutrophilia was found on day 11, an absolute neutrophilia not occurring at any time. Despite decreases in absolute numbers of lymphocytes in the middle stages of the run they remained within the normal range. Absolute numbers of monocytes, eosinophils, and basophils remained within normal limits at all times.
The platelet count increased significantly between the start of the race and day 4 and again between days 4 and 11, and no further rise was found at the end of the event. The mean platelet count remained within the normal range at all data points.
Both the percentage and absolute numbers of reticulocytes were increased on days 4, 11, and at the end of the event. All means remained within the normal range (table 5) . Table 6 shows the changes in parameters related to iron metabolism and haemolysis. Serum iron concentration was decreased below pre-race values on days 4, 11, and at the end of the race. Mean values remained within the normal range and on day 11 approached the lower limit of normal.
Serum ferritin concentration was increased compared with its pre-race value on days 4, 11, and at the end of the run. Mean values remained within the normal range.
Transferrin saturation decreased between pre-race and day 4, remained unchanged between days 4 and 11, and 11 and race end, at which time it remained significantly lower than its pre-race value. Mean values remained within the normal range but approached the lower limit of normal.
Total iron binding capacity was significantly diVerent from pre-race values on day 11 only. Its mean value was above the normal range before the run but returned to the normal range during the race and then was again above the normal range at the end of the event.
Haptoglobin concentration increased between pre-race and day 4 and remained above pre-race values at both day 11 and at the end of the event. On days 4, 11, and at the end of the event mean values were above the normal range.
Bilirubin concentration increased between pre-race and day 4, when it was raised above the normal range, returning to a level not significantly diVerent from pre-race levels on day 11 and at the end of the event.
Discussion
Very little has been reported on the biochemical and haematological changes occurring during and after very long ultramarathons, and in some cases the available data have been derived from staged rather than continuous events. This study provides baseline data for further research into events that test the outer limits of endurance. Caution needs to be exercised in the interpretation of the end of race data in this study as it represents a number of end points, which include completion of 1600 km, 16 days of running, and early retirement from the race. However, it should be noted that each of four runners completed 1600 km, three of the others finished on the 16th day, and the runner who finished on day 12 had completed 1364 km.
HAEMOGLOBIN AND PACKED CELL VOLUME Packed cell volume, haemoglobin, and red cell count decreased significantly below pre-race values at day 4, and did not change further on days 11 and 17. However, when the absolute red cell count was corrected for plasma volume expansion an increase was found on day 4. This set of findings, when not corrected for change in plasma volume, is the same as that of Dressendorfer, who found that all three variables were decreased on day 2, reached close to their minimum on day 5, and remained depressed until day 20 of an event in which runners covered a total of 312 miles. 3 Significant variability in responses in haemoglobin and packed cell volume is not unusual in ultradistance events. 1 4-8 In our study only one runner had haemoglobin and packed cell volume levels below the normal range, and this was due to an episode of gastrointestinal bleeding thought to be related to ingestion of non-steroidal antiinflammatory drugs.
Decreases in both haemoglobin and packed cell volume may be expected in relation to increased plasma volume during prolonged exercise, but the possibility of both intravascular haemolysis from mechanical trauma, osmotic and oxidative damage to erythrocytes, and overt or occult blood loss should also be considered. 9 Calculated mean plasma volume changes in this study were 13.4% on day 4, 16.6% on day 11, and 12.6% at the conclusion of the run.
So called "sports anaemia" is a commonly encountered chronic dilutional state in endurance trained athletes. 10 It is characterised by relatively low values for haemoglobin, packed cell volume, and red cell count. Despite significant training distances "sports anaemia" was not shown in this group of runners, all of whom had pre-race values for these variables well above the lower limits of normal.
RED CELL PARAMETERS
Mean cell volume has been reported to be increased and mean cell haemoglobin concentration decreased after a marathon run, 11 but no change was found in either variable after a 100 km run, 12 160 km run, 7 and during or after a 20 day, 312 mile run. 3 Mean cell haemoglobin concentration was found to be decreased, however, in a group who ran 1000 km in 20 days. 1 The small but significant decrease in mean cell volume found in this study is unlikely to indicate iron deficiency as the haematological status of the runners was normal before the event, the mean cell volume remained in the normal range, and the development of microcytosis in iron deficient states can take several weeks to develop. 14 It is unusual that a decrease in mean cell volume occurred at a time when reticulocytosis was also present and, possibly, this small change may not be truly significant if the normal variability of measurement of the analyser is taken into account. (17) 10 (5) 10 (3) * p<0.05 v pre-race value. † TIBC = total iron binding capacity.
PLATELETS
Increases in platelets have been reported after marathon running, 11 but no change occurred after an ultratriathlon (7.5 km swim, 360 km cycle, and 85 km run). 15 To our knowledge platelet count has not been previously measured in an event of this duration. The significance of the increase is unclear.
WHITE CELL COUNT
Increases in white cell count have been documented after the standard marathon, 11 160 km runs, 16 and 24 hour runs. 5 No change was found in white cell count after one 160 km run, 7 but this may be explained by delayed sampling, which occurred 48 hours after the event. Neutrophilia occurring early in exercise is related to catecholamine induced demargination of neutrophils, but a delayed increase is mediated by cortisol induced release of neutrophils from bone marrow or mobilisation due to chemotactic factors released from damaged tissues. 17 Both these factors are operational during ultramarathon running.
Monocytes are known to increase two-to threefold during exercise, the rapidity of this increase indicating mobilisation rather than increased production.
18
They produce interleukin-1, which is an important mediator of the acute phase response. 19 This is consistent with the findings of this study.
RETICULOCYTES
Both percentage and absolute numbers of reticulocytes were increased on days 4, 11, and at the end of the event. All means remained within the normal range. No changes in reticulocytes in events of this duration have been reported, but no change in reticulocyte count was found after a 100 km run. 13 The reticulocytosis has a number of possible causes, including gastrointestinal and urinary blood loss 1 and haemolysis due to foot strike. The significant increase in bilirubin on day 4 may provide some evidence for a haemolytic state.
HAPTOGLOBIN
Haptoglobin is an acute phase protein 20 and as prolonged exercise typically produces an acute phase response an increase during an event of this duration is not unexpected. Despite this, haptoglobin concentration has been found to be depressed after marathon running, 11 160 km ultramarathons, 16 and a 24 hour run. 5 This is thought to be related to intravascular haemolysis 21 associated with mechanical trauma at foot strike. The rise shown during our study does not discount the possibility of intravascular haemolysis but probably indicates the intensity of the acute phase reaction consequent upon muscle damage and acute inflammatory processes occurring in other musculoskeletal tissues. Periods of intense training, which can be likened to strenuous daily running, also cause prolonged increase of both haptoglobin and serum ferritin concentrations owing to maintenance of a chronic acute phase response; concern has been expressed that this could mask early iron deficiency in athletes. 22 
BILIRUBIN
Bilirubin concentration increased between pre-race and day 4, when it was raised above the normal range, returning to a level not significantly diVerent from its pre-race value on day 11 and at the end of the event. After a 160 km run a significant increase in bilirubin concentration was found, which when broken down into direct and indirect types suggested intravascular haemolysis. 8 No change was found after a 1000 km, 20 day run, but a significant increase was seen on day 3, a similar pattern to that of the current study.
1 Although only total bilirubin was measured in that study, if taken in conjunction with low haptoglobin concentrations on day 3 of the 1000 km run, it is possible that this indicates maximum haemolysis occurring during the early stage of the event. This is consistent with the hypothesis that foot strike is the causative factor of haemolysis as runners in ultramarathons typically adopt a shuZing gait as the event progresses, which is likely to be accompanied by a lower force of foot strike and, therefore, potentially less damage to red blood cells. Another possible explanation for maximum haemolysis in the early stage of the event is that as older red cells are more fragile, those most vulnerable may be damaged early, and once these are removed from the circulation a steady state is reached.
SERUM IRON
Serum iron concentration was decreased below pre-race values on days 4, 11, and at the end of the race. Mean values remained within the normal range. Decreased serum iron concentration is consistent with an acute phase response, 20 and this response has been shown after 160 km ultramarathons 16 and 24 hour runs. 5 Serum iron has been found to be raised on day 3 of a 1000 km run, 1 but in that event runners only ran 50 km a day and then rested for periods of presumably greater than 16 hours. In that event a decrease from the pre-race value was seen at day 6. The mechanism of the fall in serum iron is controversial, but an increase in ferritin synthesis in the reticuloendothelial cells and diversion of iron to that store accompanied by inhibition of iron release, similar to that occurring in the anaemia associated with chronic disease, is a likely explanation.
TOTAL IRON BINDING CAPACITY
Total iron binding capacity was significantly diVerent from pre-race values on day 11 only. Its mean value was above the normal range before the run, returned to the normal range during the race, and then was again above the normal range at the end of the event. Total iron binding capacity has rarely been measured during this type of event but it was found to be unchanged after a 160 km ultramarathon. 16 
TRANSFERRIN SATURATION
Transferrin saturation decreased between prerace and day 4, remained unchanged between days 4 and 11, and 11 and race end, at which time it remained significantly lower than pre-race values. Mean values remained within the normal range but approached the lower limit of normal. No change but wide variation was seen after a 1000 km stage run, 1 and a reduction has been documented after a 160 km triathlon. 16 A reduction in transferrin saturation typically occurs in the anaemia associated with chronic disease and a short term acute phase response leading to low iron availability is the likely explanation for the reduction found in this study.
SERUM FERRITIN
Serum ferritin concentration was increased compared with pre-race values on days 4, 11, and at the end of the run. Mean values remained within the normal range. This is similar to the study of Seiler, who found an increase during the first three days, followed by a slight decrease without reaching initial values during a 1000 km run.
1 This increase is consistent with an acute phase response. Serum ferritin concentration is often used as a single variable for the diagnosis of deficient iron stores in athletes. The acute phase response of this protein should be recalled in this situation, and therefore determination of serum ferritin should be performed at a time remote from strenuous exercise of long duration and ideally accompanied by other iron studies, including determination of percentage transferrin saturation, serum iron, and total iron binding capacity.
Conclusion
This study has documented haematological and iron related parameters during a continuous 1600 km foot race. Participation was shown to have no significant negative eVect on the haematological system, but study of more subtle indicators of red cell production, including reticulocyte variables, may indicate otherwise. There seem to be a number of diVerences in responses between staged and continuous races over similar long distances. These may be related to the group studied, the total distance covered, intensity of exercise, diVerences in the acute phase response to musculoskeletal tissue damage, or failure to consider the eVects of plasma volume changes.
Analysis of pre-race samples indicates that in this group of relatively old, experienced runners, training an average of almost 200 km per week has no detrimental eVect on haematological or iron related parameters as all of these were within the normal range of the general population. Haemodilution has been shown to occur in already well trained runners, and changes in haemoglobin, packed cell volume (whilst related to plasma volume change), serum iron concentration, percentage transferrin saturation, total iron binding capacity, and ferritin are similar to those found in the anaemia of chronic disease. They do not, however, indicate the presence of such anaemia but reflect the acute phase response common to a variety of chronic illnesses and strenuous endurance exercise of long duration. Athletes can adapt to these changes and they are not deleterious to them. An awareness of the acute phase response and changes in plasma volume is important when assessing the significance of a wide range of haematological and biochemical parameters in athletes.
